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canceling the metastable state when a metastable state 
detection circuit detects it. 

SOLUTION: An inverter latch-type amplifier 106, first and 
second inverters 108 and 109 inputting input signals 
(INI) and (IN2) 101. a NOR gate 111 inputting output 
signals (0UT1) 103 and (0UT2) 104 from the first and 
second inverters and a delay circuit 107 delaying a 
sense enable signal 102 controlling the activation of the 
inverter latch-type amplifier 106 are provided. When a 
comparator using the inverter latch-type amplifier 106 is 
in the metastable state a prescribed time after it starts 
comparison, the output of an AND circuit 112 becomes 

high level, nMOSFET 1 10 is set to an on state and the output signal (INI) 100 to the low level 
and the input signal (IN2) 101 to the high level within a cycle. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The latch circuit characterized by including the detector which detects a meta-stay bull 
condition, and the circuit which cancels this when said detector detects a meta-stay bull condition. 
[Claim 2] A logic threshold is made lower than the electrical potential difference of the meta-stay bull 
condition of a latch circuit. Each input is equipped with two inverter circuits connected to two 
complementary outputs of said latch circuit, respectively. The latch circuit characterized by including 
the meta-stay bull condition detector it is supposed that it is in a meta-stay bull condition when the 
output of said two inverter circuits is the same logical level, and the circuit which cancels this when said 
meta-stay bull condition detector detects a meta-stay bull condition. 

[Claim 3] A logic threshold is made higher than the electrical potential difference of the meta-stay bull 
condition of a latch circuit. Each input is equipped with two inverter circuits connected to two 
complementary outputs of said latch circuit, respectively. The latch circuit characterized by including 
the meta-stay bull condition detector it is supposed that it is in a meta-stay bull condition when the 
output of said two inverter circuits is the same logical level, and the circuit which cancels this when said 
meta-stay bull condition detector detects a meta-stay bull condition. 

[Claim 4] Two buffer circuits where the logic threshold was made lower than the electrical potential 
difference of the meta-stay bull condition of a latch circuit, and each input was connected to two 
complementary outputs of said latch circuit, respectively. The meta-stay bull condition detector it is 
supposed that it is in a meta-stay bull condition when the output of said two buffer circuits is the same 
logical level, the circuit which cancels this meta-stay bull condition when said meta-stay bull condition 
detector detects a meta-stay bull condition ~ since ~ the latch circuit characterized by being constituted. 
[Claim 5] Two inverter circuits by which the logic threshold was made lower than the electrical potential 
difference of the meta-stay bull condition of a latch circuit, and each input was connected to two 
complementary outputs of said latch circuit. The meta-stay bull condition detector it is supposed that it 
is in a meta-stay bull condition when both the outputs of said two inverter circuits are low level, the 
circuit which cancels this meta-stay bull condition when said meta-stay bull condition detector detects a 
meta-stay bull condition - since — the latch circuit characterized by being constituted. 
[Claim 6] The latch circuit according to claim 1 to 5 characterized by including the circuit which sets the 
output of a latch circuit as the value defined beforehand when said meta-stay bull condition detector 
detects a meta-stay bull condition. 

[Claim 7] The latch circuit according to claim 1 to 5 characterized by including the circuit which sets the 
output of a latch circuit as the same value as last time when said meta-stay bull condition detector 
detects a meta-stay bull condition. 

[Claim 8] The latch circuit according to claim 1 to 5 characterized by including the circuit which sets the 
output of a latch circuit as a different value from last time when said meta-stay bull condition detector 
detects a meta-stay bull condition. 

[Claim 9] Consider two complementary outputs of a bistable element as an input, respectively, and a 
logic threshold is equipped with two inverter circuits which it comes to set as quantity or low rather than 
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output voltage in case said bistable element is in a meta-stay bull condition. A detection means to judge 
with it being in a meta-stay bull condition after predetermined time from the latch actuation in said 
bistable element when both the outputs of said two inverter circuits are the same logical values, The 
circuit means which sets at least one output node of said bistable element as a predetermined logical 
value through the switching device made into switch-on, and makes this bistable element a stable state 
based on the output signal of said detection means when said bistable element is judged to be a meta- 
stay bull condition. The latch circuit characterized by preparation ******. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the technique which cancels the meta-stability of the 
bistable element used for circuits, such as an arbiter (mediation circuit), a synchronizer (synchronization 
circuit), and a comparator, at a detail more about a semiconductor integrated circuit, especially a latch 
circuit. 
[0002] 

[Description of the Prior Art] It is called meta-stay bull actuation to remain in the unstable equilibrium 
state (meta-stay bull condition) whose bistable element is not which of two stable states (stable 
equilibrium state), either. 

[0003] The example of such a bistable element is shown in drawing 5 and drawing 6 . In drawing 5 , an 
inverter latch and (B) show a NAND latch, and (C) shows a NOR latch and (D) inverter latching 
amplifier, respectively, and, as for (A), drawing 6 (E) shows data latch's configuration. The inverter 
latch who shows drawing 5 (A) consists of flip-flops which come to connect the output and input of two 
inverters INVl and rNV2 mutually. Moreover, the NAND latch who shows drawing 5 (B) is constituted 
as a flip-flop which made two NAND circuits, and the output and input of NAND 1 and NAND2 tucking 
up its sleeves with a cord. The NOR latch who shows drawing 5 (C) is constituted as a flip-flop which 
made two NOR circuits, and the output and input of NORl and N0R2 tucking up its sleeves with a 
cord. The inverter latching amplifier shown in drawing 5 (D) The input node and output node of two 
CMOS inverters are connected mutually, and it is pMOSFET between a power source and a CMOS 
inverter. MP3 is inserted and nM0SFETMN3 is inserted between the earth terminal and the CMOS 
inverter. Moreover, nMOSFET which carries out the gate input of the control signal at drawing 6 (E) 
pMOSFET which considers the reversal signal by the inverter INV3 of MNl and a control signal as a 
gate input It has the 1st transfer gate which consists of MPl. nMOSFET which considers the reversal 
signal by the inverter INV3 of pM0SFETMP2 which carries out the gate input of the control signal into 
the loop formation constituted from two inverters, and a control signal as a gate input Include the 2nd 
transfer gate which consists of MN2. It consists of flip-flops which consist of inverters INVl and INV2. 
When a control signal is high-level, an input It is transmitted and outputted to an inverter INVl through 
the 1st transfer gate made into the ON state. When a control signal is a low level, through the 2nd 
transfer gate made into the ON state, this output is transmitted to an inverter INV2, is memorized, and 
since the 1st transfer gate is made into an OFF state, it is held with a flip-flop irrespective of the logic 
state of an input. 

[0004] When receiving the mutually-independent input with which bistable elements, such as an arbiter 
(mediation circuit) and a synchronizer (synchronization circuit), do not synchronize, performing meta- 
stay bull actuation is indicated by reference (the volume Takuo Sugano editorial supervisions and for 
Tetsuya lizuka, "a design of a CMOS VLSI", Baifiikan, 1989, Section 4.3.7, an arbiter and a 
sjoichronizer, tfie 127 - 131st page). In addition, it is the circuit which determines whether an arbiter 
circuit meets the demand [ which ] when contention takes place between two demand signals, and the 
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signal of the external world to which it comes in asynchronous is incorporated in a system, and a 
synchronizer is a circuit and is called "the synchronizer (synchronization circuit)" in the semantics of 
making it synchronize with the clock of a system. 

[0005] If meta-stay bull actuation takes place, the output of a latch circuit may serve as a mean value, 
and malfunction may be caused at the fan-out point (for example, when two demand signals inputted 
into the NAND mold latch circuit of drawing 5 (B) are set to high (High) level at coincidence, two 
outputs serve as middle potential once, and if this period is long, they will produce malfunction in a 
latter-part circuit). And since meta-stay bull actuation is theoretically nonavoidable, it is necessary to 
design so that a malfunction probability may be made small as much as possible. The Prior art which 
reduces this malfunction probability is explained below. 

[0006] Reference (!)()[ Takayasu Sakurai, "Optimization of CMOS Arbiter andSynchronizer Circuits 
with Sub-micrometer MOSFET's", ] [ lEEEJoumal ] To of Solid State Circuits, pp.901-906, Vol.23, 
No.4, and Aug. 1988 Insertion of imbalance and an inverter etc. shows that malfunction probabilities are 
irreducible, and the method of reducing the malfunction probability by optimization of the size ratio of 
pMOSFET and nMOSFET etc. is shown. 

[0007] moreover, reference (2) (Thaddeus J.Gabara and others ~) "Metastability of CMOSMaster/Slave 
Flip-Flops" and IEEE Transaction on Circuits andSystems-IIiAnalog and To Digital Signal Processing, 
pp.734-739, Vol.39, No. 10, and Oct. 1992 The pile data latch, and the master / slave flip-flop by the data 
latch are indicated by the lifting in meta-stay bull actuation. 

[0008] furthermore, reference (3) (Jens U.Horstmann and others -) "Metastability Behaviorof CMOS 
ACIC Flip-Flops in Theory and Test", IEEE Journal of Solid-State Circuits, and pp.146 -157, Vol.24, 
No.l, Feb. 1989, and reference (4) (KNootbaar and others ~) To "Minimizing the effect of metastability 
in BiCOM circuit design", EDN, pp.141-146, and Sep.1990 The synchronizer constituted by connecting 
two steps of latches is indicated. 

[0009] And in the synchronizer of the system of a RF, the method of reducing a malfunction probability 
is described to reference (5), and ("Automatic Verificationof Asynchronous Circuits" besides Trevor 
W.S.Lee, IEEE Design & Test of Computers, pp.24-30, Spr.1995) by by making a sampling frequency 
low. 

[0010] Moreover, if meta-stay bull actuation is detected by reference (6), and (Daniel M.Chapiro, 
"Reliable High-Speed Arbitoration and Synchronization", IEEE Transaction on Computers, pp. 1251- 
1255, Vol.36, No. 10, Oct. 1987), the method of expanding spacing of a clock signal dynamically and 
preventing malfimction is indicated by them. 

[001 1] And to reference (7), and another ("A 6-Bit/200-MHz Full Nyquist A/D Converter" besides 
Bemhard Zojer, IEEE Journal of SoUd-State Circuits, pp.780-786, SC-20, No.3 [ another ], June 1985), 
the malfunction probabiUty is reduced using the comparator constituted by two steps of latches. 
[0012] Moreover, the comparator and error correction cu-cuit by three steps of latches are indicated by 
reference (8), and (Chritopher W.Mangelsdorf, "A 400-MHz Input Flash Converter with Error 
Correction", IEEE Joumal of Solid State Circuits, pp.184-191, Vol.25, No.l, Feb., 1990). 
[0013] Next, the comparator by BiCMOS optimized for malfunction probability reduction is indicated 
by reference (9), and ("A 5 V 6b 80 MHz/s Bi CMOS Flash ADC" besides Hooman Reyhani, IEEE 
Jomal of Solid State Circuits, pp.873-878, Vol.29, No.8, Aug., 1994). 

[0014] And encoding by the circuit and Gray code (Gray code) which hold an output to High is 
proposed by reference (10), and ("Power-Efficient Metastability Error Reduction in CMOS Flash A/D 
Converters" besides Clemenz L.Portmaim, Symposium on VLSI Circuit Digest of Technical Papers, 
pp.3 7-3 8, June 1995) between meta-stay bull actuation. 
[0015] 

[Problem(s) to be Solved by the Invention] By the technique of reducing the malfunction probability of 
these former, even if the probability to cause malfunction became small, it had the problem that the 
possibility of malfunction did not become zero. Moreover, by the approach proposed by the above- 
mentioned reference (6) of detecting a meta-stay bull and expanding a clock, it has the trouble that a 
response becomes slow. 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



6/9/2006 



JP,09-214298,A [DETAILED DESCRIPTION] 



Page 3 of 5 



[0016] Therefore, in view of the above-mentioned situation, it succeeds in this invention, and the 
purpose is in canceling meta-stay bull actuation of a latch circuit. 

[0017] 

[Means for Solving the Problem] The latch circuit of this invention which attains said purpose consists 
of a meta-stay bull condition detector and a circuit which cancels this when said detector detects a meta- 
stay bull condition. 

[0018] In this invention, it is desirable, a meta-stay bull condition detector is lower than the electrical 
potential difference of the meta-stay bull condition of a latch circuit, and a logic threshold is set up, and 
when the output of two inverter circuits by which each input was connected to two complementary 
outputs of said latch circuit, and said two inverter circuits is the same logical level, it consists of circuits 
it is supposed that it is in a meta-stay bull condition. 
[0019] 

[Function] Since according to this invention a bistable element can be set as a stable state within the 
same cycle when the meta-stay bull condition of a bistable element is detected, the probability of 
occurrence of malfimction can be made into zero, without delaying a response. 
[0020] 

[Embodiment of the Invention] The gestalt of operation of this invention is explained below with 

reference to a drawing at a detail. 

[0021] 

[Operation gestalt 1] With reference to drawing 1 , the latch circuit of the 1st operation gestalt of this 
invention is explained. Drawing 1 is the circuit diagram showing the example of a configuration of the 
latch circuit of the 1st operation gestalt of this invention. 

[0022] Drawing 1 is referred to. The latch circuit of this operation gestalt The inverter latching amplifier 
106 which latches the 1st input (INI) 100 and 2nd input (IN2), The 1st and 2nd inverter 108 and 109 
which considers as an input the nodes 100 and 101 which are the latch outputs of the Invar latching 
amplifier 106, respectively. The NOR gate 111 which considers the outputs 103 and 104 of the 1st and 
2nd inverter 108 and 109 as an input. The delay circuit 107 which carries out predetermined time delay 
of the sense enabling (Sense Enable) signal 102 which is a control signal which controls activation of 
the inverter latching amplifier 106, AND circuit 112 which considers the output of a delay circuit 107, 
and the output of NOR circuit 111 as an input, The output of AND circuit 1 12 is considered as a gate 
input, and it has nMOSFETl 10 connected with the node 100 between touch-down. The sense enable 
signal 102 An inverter 105 is minded [ of inverter latching amplifier / of pMOSFETMPS ], and it is 
nMOSFET. It connects with the gate of MN3 directly, and when the sense enable signal 102 is high- 
level, the inverter latching amplifier 106 is activated. In the comparator using this inverter latching 
amplifier 106, if nodes 100 and 101 change [ both ] high-level from a low level, it will be in a meta-stay 
bull condition, and a mean value will be outputted. If the logic threshold of the 1st and 2nd inverter 108 
and 109 which considers nodes 100 and 101 as an input at this time is set up lower than the mean value 
of a meta-stay bull condition, both the outputs 103 and 104 of these inverters 108 and 109 will output a 
low level. 

[0023] If a meta-stay bull condition is canceled, since either of the nodes 100 and 101 will become high- 
level, when both the outputs of the 1st and 2nd inverter 108 and 109 are low level, it can judge with a 
meta-stay bull condition. 

[0024] When the comparator using the inverter latching amplifier 106 starts a comparison and is in a 
meta-stay bull condition after fixed time amount, Namely, when the sense enable signal 102 will be in 
an active state (high-level in drawing 1 ) and the inverter latching amplifier 106 is activated, it sets. 
After the time delay defined in a delay circuit 107, when the output of NOR circuit 1 1 1 is high-level The 
output of AND circuit 1 12 becomes high-level, nMOSFETl 10 is made into an ON state, and a meta- 
stay bull condition is canceled in a cycle, using a node 101 as high-level for a node 100 at a low level. 
[0025] 

[Operation gestalt 2] Next, the 2nd operation gestalt of this invention is explained with reference to 
drawing 2 . Drawing 2 is the circuit diagram showmg the example of a configuration of the latch circuit 
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of the 2nd operation gestalt of this invention. Drawing 2 is referred to. The latch circuit of this operation 
gestalt The inverter latching amplifier 206 which latches the 1st input (INI) 200 and 2nd input (IN2) 
201, The 1st and 2nd inverter 208 and 209 which considers as an input the nodes 200 and 201 which are 
the latch outputs of the Invar latching amplifier 206, respectively, The 1st and the 2nd data flip-flop 215 
and 216 which latch the output of the 1st and 2nd inverter 208 and 209, respectively, The NOR gate 212 
which considers the output of the 1st and 2nd inverter 208 and 209 as an input, The delay circuit 207 
which carries out predetermined time delay of the sense enabling (Sense Enable) signal 202 which is a 
control signal which controls activation of the inverter latching amplifier 206, 3 input AND circuits 213 
and 214 which consider the output of the 1st and 2nd data flip-flop 215 and 216 as an input with the 
output of a delay circuit 207, and the output of NOR circuit 212, respectively, nMOSFET 211 and 210 
which considered the output of 3 input AND circuits 213 and 214 as the gate input, respectively, and 
was connected with nodes 200 and 201 between touch-down, respectively, A preparation and the sense 
enable signal 202 are pMOSFET of inverter latching ampHfier. An inverter 205 is minded [ of MP3 ]. 
nMOSFET It connects with MN3 directly, and when the sense enable signal 202 is high-level, the 
inverter latching amplifier 206 is activated. 

[0026] In this operation gestaU, the actuation to meta-stay bull condition detection is the same as said 1st 
operation gestalt (namely, the logic threshold of the 1st and 2nd inverter 208 and 209 is set up lower 
than the mean value of a meta-stay bull condition, and let both the outputs of inverters 208 and 209 be 
low level in a meta-stay bull condition). 

[0027] In the comparator using this inverter latching ampHfier 206, start a comparison, and when it is a 
fixed time amount after meta-stay bull, the output 203 which is an output of the 1st data flip-flop 215 is 
high-level When the output 204 which is an output of the 2nd data flip-flop 216 is a low level. The 
output of 3 input AND circuit 213 becomes high-level, nM0SFET21 1 is made into an ON state, in a 
cycle, a node 201 is made into a low level for a node 200 high-level, and a meta-stay bull condition is 
canceled. 

[0028] On the other hand, with a low level, when an output 204 is high-level, outputting [ of 3 input 
AND circuit 214 ] becomes high-level, nMOSFET210 is set to ON, and in a cycle, an output 203 makes 
a node 200 a low level for a node 201 high-level, and cancels a meta-stay bull condition. 
[0029] 

[Operation gestalt 3] Next, the 3rd operation gestalt of this invention is explained with reference to 
drawing 3 . Drawing 3 is the circuit diagram showing the example of a configuration of the NAND latch 
circuit of the 3rd operation gestalt of this invention. Drawing 3 is referred to. The latch circuit of this 
operation gestaU With the NAND latch 304 who latches the 1st input (INI) 300 and 2nd input (IN2) 301 
The 1st and 2nd inverter 307 and 308 which considers the NAND latch's 304 output as an input, 
respectively. The NOR gate 309 which considers the outputs 302 and 303 of the 1st and 2nd inverter 

307 and 308 as an input. The delay circuit 306 which delays the output of OR circuit 305 which 
considers the 1st and 2nd input 300 and 301 as an input, The output of AND circuit 310 which considers 
the output of a delay circuit 306 and the output of NOR circuit 309 as an input, and AND circuit 310 
was considered as the gate input, and it has nM0SFET31 1 connected with latch's 304 output node 313 
between touch-down. 

[0030] Also in this operation gestalt, detection of a meta-stay bull condition is the same as said 1st 
operation gestalt (namely, the logic threshold of the 1st and 2nd inverter 307 and 308 is set up lower 
than the mean value of a meta-stay bull condition, and let both the outputs of these inverters 307 and 

308 be low level in a meta-stay bull condition). 

[0031] After fixed time amoimt (set in a delay circuit 306), after the 1st input (INI) 300 and 2nd input 
(IN2) 301 change fi-om a low level high-level, when it is in a meta-stay bull condition, since the output 
of NOR circuit 309 is high-level, the output of AND circuit 310 is made high-level, nM0SFET31 1 is 
made into an ON state, and a meta-stay bull condition is canceled by making latch's 304 output node 313 
into a low level. 
[0032] 

[Operation gestalt 4] Next, the 4th operation gestalt of this invention is explained with reference to 
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drawing 4 . Drawing 4 is the circuit diagram showing the example of a configuration of the latch circuit 
of the 4th operation gestalt of this invention. The latch circuit of this operation gestalt consists of a latch 
circuit of the master slave method which consists of a data latch circuit 403 of a master side, and a data 
latch circuit 404 of a slave side with reference to drawing 4 , and each data latch circuit is considered as 
the configuration shown in drawing 6 . In this operation gestalt, it sets to the data latch circuit 403 of a 
master side. The output of NOR circuit 408 which connects the 1st and 2nd inverter 406 and 407 to the 
output node of the flip-flop which consists of inverters INVl and INV2, and considers the output of the 
1st and 2nd inverter 406 and 407 as an input, AND circuit 409 which considers the delay output fi-om 
the delay circuit 405 which considers the clock signal (CLK) 400 which controls a flow of the transfer 
gate as an input as an input, The output of AND circuit 409 was considered as the gate input, and it has 
nMOSFET410 connected with the output node 41 1 of the flip-flop of a master side between touch- 
down. 

[0033] Detection of a meta-stay bull condition is the same as said 1st operation gestalt (namely, the 
logic threshold of the 1st and 2nd inverter 406 and 407 is set up lower than the mean value of a meta- 
stay bull condition, and let both the outputs of inverters 406 and 407 be low level in a meta-stay bull 
condition). After fixed time amount (set in a delay circuit 405), after a clock signal (CLK) 400 changes 
from high level to a low level, when it is in a meta-stay bull condition, nMOSFET410 is made into an 
ON state and a meta-stay bull condition is canceled by making the output node 41 1 of the data latch 
circuit 403 of a master side into a low level. 

[0034] In addition, although this invention was explained about the above-mentioned operation gestalt, 
as for this invention, it is needless to say that the various operation gestalten which are not limited only 
to the above-mentioned gestalt and apply to the principle of this invention are included. For example, 
when the logic threshold of inverters 307 and 308 is set up as deformation of a configuration of being 
shown in drawing 3 more highly than the output voltage (intermediate voltage) in the meta-stay bull 
condition of a latch circuit 304, NOR circuit 309 is replaced in a NAND circuit. Or when it replaces 
instead of inverters 307 and 308 with a buffer with a logic threshold lower than the intermediate voltage 
of a meta-stay bull condition, NOR circuit 309 is replaced in a NAND circuit. 
[0035] 

[Effect of the Invention] As explained above, according to the latch circuit of this invention, the 
effectiveness that the probability of malfimction can be made into zero is done so by having constituted 
so that meta-stay bull condition detection might be detected and this might be canceled within a cycle, 
without delaying a response. 
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